. Age, intestinal niche, and disease state determine overall bacterial diversity. (A) Overall alpha diversity by ASVs of pooled SOD1 G93A and WT samples was determined by richness, Simpson, and Shannon indices for colon (red), fecal pellets (green), and ileum (blue). Data are presented by box plots with horizontal line indicating the median for each data set. The x-axis represents the grouping, the y-axis represents the distance, and boxes Disease Models & Mechanisms: doi:10.1242/dmm.041947: Supplementary information Disease Models & Mechanisms • Supplementary information of different colors represent each group. ***P<0.001, by ANOVA; n=16 mice per group for 37 and 90 days and ES; n=14 for 60 day-old mice. (B) PCoA plots representing beta diversity of bacterial communities from colon, fecal pellets, and ileum samples of SOD1 G93A (red) and WT (blue) mice. (C) Overall alpha diversity by ASVs of pooled SOD1 G93A and WT samples was determined by richness, Simpson, and Shannon indices in colon (top), ileum (middle), and fecal pellets (bottom) at 30 (red), 60 (green), 90 (blue) days, and ES (purple). Data are presented by box plots with horizontal line indicating the median for each data set. The xaxis represents the grouping, the y-axis represents the distance, and boxes of different colors represent each group. *P<0.01, by ANOVA; n=16 mice per group for 37 and 90 days and ES; n=14 for 60 day-old mice. (D) PCoA plots representing beta diversity of bacterial communities from colon, fecal pellets, and ileum samples of SOD1 G93A (red) and WT (blue) mice over time [30 (triangle), 60 (square), 90 (cross) days, and ES (circle)].
. Alpha diversity is not altered in the colon and ileum of SOD1 G93A mice. Alpha diversity for colon and ileum was determined by richness, Simpson, and Shannon indices in SOD1 G93A (red) and WT (blue) mice. Data are presented by box plots with horizontal line indicating the median for each data set. The number of animals (n) per group (SOD1 G93A /WT) at each time point was: colon, 37 days=8/8, 60 days=7/6, 90 days=8/8, ES=8/8; ileum, 37 days=8/8, 60 days=7/6, 90 days=8/8, ES=7/8. (bottom) . Pairwise comparison between samples from SOD1 G93A versus WT mice was performed using a Mann-Whitney test for each F and B species that contributed >1% to abundance to evaluate P-values (Table S3 ).
Fig. S4. Gating strategy for immune cells from blood.
Staining was performed using CD45, CD3, CD4, CD8, CD19, Ly6C, Ly6G, and CD11b. Within CD45 + cells, CD4 T cells (CD3 + CD4 + CD8 -), CD8 T cells (CD3 + CD4 -CD8 + ), or B cells (CD3 -CD19 + ) were identified. Myeloid cells were identified using side scatter (SSC), CD11b, Ly6C, Ly6G, and CD45 for neutrophils (SSC high CD11b + Ly6G + ), and monocytes (CD45 high CD11b + Ly6G -, Ly6C ± ).
Fig. S5. Gating strategy for immune cells from brain and spinal cord tissue.
Staining was performed using CD45, CD3, CD4, CD8, CD19, Ly6C, Ly6G, and CD11b. Within CD45 + cells, CD4 T cells (CD3 + CD4 + CD8 -), CD8 T cells (CD3 + CD4 -CD8 + ), or B cells (CD3 -CD19 + ) were identified. Myeloid cells were identified using side scatter (SSC), CD11b, Ly6C, Ly6G, and CD45 for neutrophils (SSC high CD11b + Ly6G + ), Ly6C + monocytes (CD45 high CD11b + Ly6G -, Ly6C + ), and microglia (CD45 mid CD11b + Ly6G -).
Fig. S6. Immune cell populations in the brain are not significantly altered during ALS.
Immune cell populations were assessed in SOD1 G93A (black) and WT (white) mice aged 37, 60, 90, and 120 days and at ES in brain tissue. Statistical analysis by two-tailed Student's ttest with multiple comparisons; the number of animals (n) per group (SOD1 G93A /WT) at each time point was: 37 days=8/8, 60 days=7/8, 90 days=8/8, 120 days=8/8, ES=8/7; data expressed as mean  s.e.m.
Fig. S7
. Myeloid cells in the spinal cord are more activated during late-stage ALS. Flow cytometer histograms of forward scatter (size), F4/80, and CD11c expression levels were used to assess microglia and Ly6C + monocyte activation in (A) brain and (B) spinal cord tissue in SOD1 G93A (dark grey) and WT (light grey) mice. Displayed histograms are representative plots from ES mice. Histograms were used to generate fold-increase in forward scatter and F4/80, and CD11c expression in SOD1 G93A (black) and WT (white) mice aged 37, 60, 90, and 120 days and at ES in (A) brain and (B) spinal cord tissue. *P<0.01, ****P<0.0001, by two-tailed Student's t-test with multiple comparisons; the number of animals (n) per group (SOD1 G93A /WT) at each time point was: 37 days=8/8, 60 days=7/8, 90 days=8/8, 120 days=8/8, ES=8/7; data expressed as mean  s.e.m. . & Mechanisms: doi:10.1242/dmm.041947: Supplementary information Disease Models & Mechanisms • Supplementary information Fig. S8 . Global hydroxymethylation (5hmC) but not methylation (5mC) is altered in the CNS during ALS progression. Genomic DNA from 37 day-old or ES brain (A, B) or ileum (C, D) from SOD1 G93A (white) or WT (black) mice was assessed for global 5hmC (A, C) or 5mC (B, D) by a colorimetric ELISA assay; *P<0.05, by Student's t-test; the number of animals (n) per group (SOD1 G93A /WT) at each time point for 5hmC was: ileum at ES=7/6; brain at 37 days=7/8, ES=7/6. The number of animals (n) per group (SOD1 G93A /WT) at each time point for 5mC was: ileum at ES=7/7; brain at 37 days=7/8, ES=7/6; data expressed as mean ± s.e.m. of percent (% of total DNA).
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Fig. S9. Specific microbiome, epigenome, and immune changes are correlated in ALS.
The correlation for the top 50 OTUs with immunophenotype, neuromuscular status, and DNA methylation is shown. The analysis was performed using Pearson correlation. Significant correlations are plotted as a circle at the intersection between correlated parameters along the y-axis with parameters on the diagonal. Circles are color coded on a scale of highly positively correlated (1, blue) and highly negatively correlated (-1, red). Table S1 . Quantification of beta diversity of bacterial communities in ileum, colon, and fecal pellets in SOD1 G93A versus WT mice using ASVs by phylogenetic (UniFrac, UF) and non-phylogenetic (Euclidean, E; Bray-Curtis, BC) methods. Asterisks denote Pvalues less than 0.05. (100);Porphyromonadaceae(100);unclassified (100) OTU000002 590546 Bacteria (100);Firmicutes(100);Bacilli(100);Lactobacillales(10 0);Lactobacillaceae(100);Lactobacillus (100) OTU000003 444608 Bacteria (100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000004 277552 Bacteria (100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales (100);Porphyromonadaceae(100);unclassified (100) OTU000005 277267 Bacteria (100);Firmicutes(100);Erysipelotrichia(100);Erysipelo trichales (100);Erysipelotrichaceae(100);Turicibacter (100) OTU000006 262866 Bacteria (100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000007 261009 Bacteria (100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000008 207013 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000009 176647 Bacteria(100);Firmicutes(100);Bacilli(100);Lactobacillales(10 0);Lactobacillaceae(100);Lactobacillus (100) OTU000010 147779 Bacteria(100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000011 116171 Bacteria(100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);Barnesiella (100) OTU000012 99899 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000013 96228 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Ruminococcaceae(100);Oscillibacter (100) OTU000014 84891 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000015 84695 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Clostridiaceae_1(100);Clostridium_sensu_stricto (100) OTU000016 73849 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified(100) (100) OTU000018 67533 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (98) OTU000019 63873 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000020 59084 Bacteria (100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000021 58349 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000022 56845 Bacteria(100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000023 55850 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000024 54799 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);Clostridium_XlVa (85) OTU000025 53981 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000026 52217 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);unclassified(100);unclassified (100) OTU000027 51049 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000028 50139 Bacteria(100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000029 48349 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Ruminococcaceae(100);unclassified (98) OTU000030 44587 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Ruminococcaceae(100);unclassified (70) OTU000031 43622 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000032 42111 Bacteria (100) (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Ruminococcaceae(100);unclassified (100) OTU000038 35176 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000039 34422 Bacteria(100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000040 31829 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000041 30159 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000042 29472 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Peptostreptococcaceae(100);Clostridium_XI (98) OTU000043 29186 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000044 28000 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Ruminococcaceae(100);Oscillibacter (100) OTU000045 27526 Bacteria (100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(99);unclassified (99) OTU000046 27445 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTU000047 27252 Bacteria(100);Actinobacteria(100);Actinobacteria(100);Coriob acteriales(100);Coriobacteriaceae(100);Asaccharobacter (88) OTU000048 27049 Bacteria(100);Bacteroidetes(100);Bacteroidia(100);Bacteroid ales(100);Porphyromonadaceae(100);unclassified (100) OTU000049 24695 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);Johnsonella (100) OTU000050 24126 Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(1 00);Lachnospiraceae(100);unclassified (100) OTUs, operational taxonomic units. 
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